Background: Disease activity of patients with ulcerative colitis (UC) predicts health-related quality of life (HRQL) and work-related outcomes
Remission Status on HRQOL and WRO U lcerative colitis (UC) is an inflammatory bowel disease (IBD) that causes chronic inflammation and ulceration of the colon. UC follows a relapse-remittent course, with recurrent flares accompanied by clinical symptoms that include abdominal pain, rectal bleeding, increased stool frequency, and diarrhea. Because this disease is currently incurable (barring surgical removal of the colon), medical treatments for UC have focused on inducing remission in those with active disease, and then maintaining remission once it has been achieved.
Remission in UC can be assessed along multiple dimensions. Clinical remission is generally determined by the presence, frequency, and severity of symptoms such as rectal bleeding and stool frequency. Endoscopic remission is based on clinical ratings of mucosal appearance, which can include vascular pattern, granularity, ulceration, and friability. Histological remission is evaluated based on evidence including distortion of crypt architecture, crypt abscesses, and inflammation of cells in the lamina propria. However, within each of these dimensions, there has been no consensus regarding which features are necessary and sufficient for defining remission. 1, 2 This lack of consensus is highlighted by the lack of standardized measures for capturing remission within each of these dimensions. Reviews of clinical trials in UC populations have identified dozens of measures used to assess clinical, endoscopic, and/or histologic remission, with no validated, gold standard instrument identified from among them. [1] [2] [3] [4] [5] [6] Historically, research on the treatment for UC focused on the reduction of clinical symptoms. However, in the past decade, there has been growing consensus for the achievement of mucosal healing as a crucial treatment endpoint. [6] [7] [8] [9] [10] This has led to the increased inclusion in clinical trials of composite measures of both clinical symptoms and mucosal health, including the UC Disease Activity Index (UC-DAI) 11 and the Mayo Clinic Score. 12 Patients achieving both clinical remission and normal mucosal health are considered to be in complete remission. 1, 10, 13 Across studies with varying definitions and measurement of remission, what remains consistent are findings that patients whose UC is in remission demonstrate better health-related quality of life (HRQL) than patients with active disease. Better scores on disease-specific HRQL measures (eg, Inflammatory Bowel Disease Questionnaire [IBDQ]) have been observed for UC patients classified as being in clinical remission [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] or endoscopic remission 18, 19, 24 than for patients with active disease. Similar benefits on measures of generic HRQL (eg, SF-36 ® Health Survey ; EuroQol-5D [EQ-5D]) have been found for patients whose UC is in clinical remission, 19, 21, 22, 25 or in complete (ie, both clinical and endoscopic) remission 26 when compared to their counterparts with active disease.
Studies examining the association between remission status and work-related outcomes (WRO), such as absenteeism, productivity, and work disability status, have also shown advantages for patients whose UC is in remission. For example, patients with UC in clinical remission are more likely to be employed, less likely to receive disability compensation, use fewer sick days, and report higher productivity when working than patients with active UC. 27, 28 The evidence cited above indicates that patients with UC who are classified as being in remission experience better HRQL and WRO than patients classified with active disease. What has not been explored, and thus remains unclear, is whether achievement of complete remission is necessary to experience benefits in these outcomes. In other words, it has not yet been established whether patients in an intermediate disease state-partial remission-have HRQL and WRO more similar to patients who are not in remission, or those in complete remission. The purpose of the analyses presented here was to assess HRQL and WRO among patients with UC who were classified into one of three remission categories-complete remission, partial remission, or not in remission-after receiving 8 weeks of induction treatment or 12 months of maintenance treatment with multimatrix mesalamine tablets (Cosmo Technologies Ltd, Wicklow, Ireland) in a multicenter, multinational, open-label trial.
METHODS

Study Design and Sample
Data for these analyses were from a phase 3b/4 multinational, open-label, prospective trial of multimatrix mesalamine treatment for adults (≥18 years) with UC (MOMENTUM study; ClinicalTrials.gov identifier: NCT01124149). 29 Patients were enrolled at sites from 14 countries: Canada, the United States (US), Colombia, Belgium, Czech Republic, France, Hungary, Ireland, Poland, Romania, Spain, United Kingdom, South Africa, and India.
Trial eligibility was limited to patients diagnosed at screening with active mild-to-moderate UC. Diagnosis was determined using a modified version of the UC-DAI ( MOD UC-DAI), 30 and included the presence of an acute flare with a total score between 4 and 10 (inclusive), an endoscopy rating ≥1 and a physician global assessment (PGA) rating ≤2. This modification to the UC-DAI increased the stringency of endoscopic assessment by coding evidence for mucosal friability as an indicator of moderate disease (ie, endoscopy rating = 2), rather than of mild disease (endoscopy rating = 1) as in Sutherland's original scale.
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The trial consisted of an 8-week induction treatment period followed by a 12-month maintenance treatment period. During the induction treatment period, patients received 4.8 g/day of multimatrix mesalamine once daily (QD). At the 8-week visit of the induction phase, patients were classified into remission status groups based on MOD UC-DAI component and total scores (Table 1) . Patients with a MOD UC-DAI score ≤1, scores of 0 for both stool frequency and rectal bleeding components, and a reduction from baseline of at least 1 point on the endoscopy component, were classified as being in complete remission.
Patients with a MOD UC-DAI score ≤3, a combined score of 0 or 1 on the stool frequency and rectal bleeding components, and who did not meet the criteria for complete remission were classified as being in partial remission. Patients with a MOD UC-DAI score >3, or who had a combined score on the stool frequency and rectal bleeding components >1, were classified as being not in remission. Additionally, early withdrawal patients who did not complete the full 8 weeks of induction treatment were automatically classified as being not in remission, regardless of their MOD UC-DAI scores at their final induction period visit.
Patients who completed the full course of induction treatment and who achieved partial or complete remission were eligible for enrollment in the maintenance treatment period, during which they received 2.4 g/day of multimatrix mesalamine QD. Patients' remission status at the end of the maintenance treatment period was determined using the same classification criteria described above (and in Table 1) .
A flowchart of the trial design, including patient disposition for each treatment period, is presented in Figure 1 . A total of 892 patients were screened; of these, 722 who met all inclusion and exclusion criteria were enrolled in the trial. The induction sample included the 717 patients who took at least 1 dose of multimatrix mesalamine and had at least 1 post-dose efficacy assessment during the induction treatment period. The final induction period visit occurred at 8 weeks for patients who completed the full course of treatment or at the early withdrawal visit for patients who did not complete treatment. Patient-reported outcomes (PRO) measures were administered at postscreening baseline, and at the final induction period visit.
A subset of 468 patients from the induction sample who had completed induction treatment and who were classified as having achieved complete or partial remission at the week 8 visit were enrolled in the maintenance treatment period. The maintenance subset included the 459 of these patients who received at least 1 dose of multimatrix mesalamine and had at least 1 postdose efficacy assessment during the maintenance treatment period. The week 8 visit of the induction period was treated as the initial (month 0) visit for the maintenance period. PRO measures also were administered at the final maintenance period visit, which occurred at 12 months for patients who completed the maintenance period or at the early withdrawal visit for patients who withdrew from the trial before 12 months. The MOD UC-DAI and measures of HRQL and WRO were administered at baseline, the final induction period visit, and the final maintenance period visit. 
Ethical Considerations
Measures of HRQL and WRO
The Short Inflammatory Bowel Disease Questionnaire (SIBDQ) 31 was used to measure disease-specific HRQL. The SIBDQ, a 10-item, self-reported survey with a 2-week recall period, captures the impact of IBD on 4 HRQL domains: bowel symptoms (3 items capturing abdominal pain, flatulence, and urge to defecate), systemic symptoms (2 items capturing fatigue and weight maintenance), emotional function (3 items capturing depression, stress, and anger), and social function (2 items capturing frequency of canceling and being limited in social activities). A total score can be calculated from responses to all 10 items. For all domains and the total score, higher values reflect better HRQL. Based on findings from a previous study of patients with Crohn's disease, the threshold for a minimal clinically important difference (MCID), which indicates a clinically meaningful improvement in a patient's health, has been estimated as an increase of 9 points in the SIBDQ total score. 31 Generic HRQL was measured using the SF-12v2 ® Health Survey (SF-12v2), which is a self-reported survey of functional health and well-being with a 4-week recall period. 32 The 
Remission Status on HRQOL and WRO
are norm-based, having been standardized using scores from a national probability sample of 6012 noninstitutionalized adults in the US who participated in a 2009 Internet-based survey conducted by QualityMetric, Incorporated. 32 All are expressed as T-scores, with a mean of 50 and a standard deviation of 10, and with higher values indicating better HRQL. A domain or summary score of 50 indicates equivalence to the general population mean, and thus designates a "normalized" score. MCID thresholds for clinically meaningful improvement, derived using data from both a general population sample and from multiple samples across a variety of health conditions, have been estimated as an increase of 6 points in the SF-12v2 PCS score and of 7 points in the SF-12v2 MCS score. 32 The Work Productivity and Activity Impairment (WPAI) instrument is a 6-item, self-report survey of the impairments in WRO due to health problems over the previous 7 days. 33 A disease-specific version of this instrument was used to capture impairment on these outcomes specific to UC-related problems (WPAI:UC). Patients' responses to items were used to calculate the impact of UC on 4 domains: Absenteeism (work time missed), Presenteeism (impairment while working), Overall Work Impairment (overall productivity loss, accounting for both absenteeism and presenteeism), and Activity Impairment (impairment in non-work activities, such as shopping and child care). Patients who reported not being employed during the previous 7-day period were scored only on the Activity Impairment domain. Scores from all domains are expressed as percentages (0-100%) of impairment, with lower values indicating less impairment due to UC. The MCID threshold for clinically meaningful improvement in the Overall Work Impairment domain, based on data from a sample of patients with Crohn's disease, has been estimated as a decrease of 7 points.
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Statistical Analysis
Analytic models including scores from induction period visits only (ie, baseline and final induction period visits) were conducted using the induction sample, whereas models including scores from maintenance period visits only (ie, month 0 and final maintenance period visits) or across both induction and maintenance period visits were conducted using the maintenance subset.
Differences in baseline mean scores on SIBDQ, SF-12v2, and WPAI:UC domains among remission status groups were tested separately for the induction sample and for the maintenance subset, with remission status determined at the final induction phase visit for the former and at the final maintenance period visit for the latter. Univariate one-way analysis of variance (ANOVA) models, with remission status group as a between-subjects factor, were tested for each domain. Across all models within each instrument, Hommel's stepwise method 35 was used to adjust P-values of omnibus F-tests to control for inflation of the Type I error rate due to multiplicity of tests. For domains in which omnibus tests were statistically significant, post hoc tests using Bonferroni-corrected P-values to control for alpha inflation due to multiplicity tested for statistical significance of pairwise differences in mean scores between complete remission, partial remission, and not in remission groups. The specific adverse events experienced by patients in this study have been detailed elsewhere. 29 Differences in scores on HRQL and WRO domains among remission status groups were assessed for the induction sample at the final induction period visit and for the maintenance subset at the final maintenance period visit. Univariate one-way analysis of covariance (ANCOVA) models were tested for each SIBDQ, SF-12v2, and WPAI:UC domain. In each model, the domain score at the final period visit was the dependent variable, with remission status group at that visit as a between-subjects factor, and with patient age, gender, duration of disease, disease extent (coded ordinally across 3 levels: left sided, involvement of transverse colon, and pancolitis), and the value of that domain at the initial period visit (ie, baseline visit for the induction period, month 0 visit for the maintenance period) included as a covariate. Across all models within each instrument, Hommel-adjusted P-values were used for omnibus tests, and pairwise remission status group differences in mean scores of domains for which omnibus tests were statistically significant were tested using Bonferroni-corrected P-values.
A responder analysis was used to examine whether the likelihood of a patient experiencing a clinically meaningful improvement in HRQL or WRO following induction treatment varied as a function of their posttreatment remission status. For each of the 4 outcomes for which MCID thresholds have been estimated-SIBDQ total score, SF-12v2 PCS, SF-12v2 MCS, and the Overall Work Impairment domain of the WPAI:UC-each patient in the induction sample was classified as a responder if the magnitude of their improvement in that outcome score following induction treatment exceeded the MCID thresholds previously estimated for each of these measures (ie, 9-point increase in SIBDQ total score, 6-point increase in SF-12v2 PCS score, 7-point increase in SF-12v2 MCS score, and 7-point decrease in WPAI:UC Overall Work Impairment score). For each of these outcomes, the proportion of responders was calculated for each remission status group, and Chi-square tests of association were used to assess whether this proportion statistically differed among remission status groups. Outcomes for which the omnibus Chi-square test indicated statistically significant group differences, standardized residuals were used to test for the significance of pairwise differences in the proportion of responders between complete remission, partial remission, and not in remission groups.
Repeated-measures analyses were conducted to examine whether patterns of changes in key HRQL and WRO measures (again, SIBDQ total score, SF-12v2 PCS, SF-12v2 MCS, and the Overall Work Impairment domain of the WPAI:UC) over the course of both induction and maintenance treatment periods varied as a function of patients' remission status at their final maintenance period visit. Mixed-effects models with repeated measures (MMRM) were conducted for each of these outcomes based on scores at baseline, month 0, and final maintenance period visits for patients in the maintenance subset. In each MMRM, the patient was treated as a random effect whereas fixed effects included visits, patients' remission status at their final maintenance period visit, and the interaction between visit and remission status, with patients' age, gender, duration of disease, and disease extent at study baseline included as covariates. An unstructured covariance matrix was assumed for residuals. For each of the 4 models, estimated mean scores on the tested outcome were derived for each remission status group at each visit. Outcomes for which the omnibus F-tests for all fixed effects were statistically significant (post hoc tests using Bonferroni-corrected P-values to control for alpha inflation due to multiplicity) tested for statistically significant changes in mean scores across visits (from baseline to week 8/ month 0, and from month 0 to the final maintenance period visit) within each remission status group.
Analyses also were conducted to test whether trajectory of remission status from the end of the induction period to the end of the maintenance period had any impact on HRQL and WRO for patients in the maintenance subset. If it is the case that HRQL and WRO are equivalent for patients in partial and complete remission, then we should observe no changes in outcomes over time regardless of whether patients' remission status fluctuates between partial and complete remission or remains the same from month 0 to the final maintenance period visit. For this analysis, 4 groups of patients within the maintenance subset were defined in terms of remission status at the beginning (month 0) and the end (final visit) of the maintenance period: Complete remission → complete remission; partial remission → partial remission; complete remission → partial remission; and partial remission → complete remission. To test for differences in HRQL and WRO across these 4 possible trajectories, univariate two-factor ANCOVA models were tested for each domain of each of the 3 outcomes instruments. In each model, the domain score at the final maintenance period visit was the dependent variable, with remission status at month 0, remission status at the final maintenance period visit, and the interaction between remission status at month 0 and remission status at the final maintenance period visit as between-subjects factors, and with age, gender, disease duration, disease extent, and month 0 values as covariates. Across all models within each instrument, Hommel's stepwise method 35 was used to adjust P-values of omnibus F-tests for each effect to control for inflation of the Type I error rate due to multiplicity of tests.
Multivariable regression models were used to test the degree to which change in HRQL and WRO for the induction sample during the induction period and for the maintenance subset during the maintenance period were predicted by patient characteristics and by remission status at the final period visit. Models were conducted for each SIBDQ, SF-12v2, and WPAI:UC domain, with predictors including remission status, age, gender, duration of disease, disease extent, and the value of that domain at the initial period visit.
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RESULTS
Demographic and clinical characteristics were similar for patients in the induction sample and those in the maintenance subset (Table 2) . At the end of each period, approximately 40% of patients were in partial remission, as compared to one-quarter of patients in complete remission and one-third of patients not in remission.
Baseline scores for SIBDQ, SF-12v2, and WPAI:UC domains by remission status group within the induction sample and the maintenance subset are presented in Table 3 . Within each patient sample, no statistically significant differences among remission status groups were observed for any domain.
Models for domain scores at the final induction period visit found a statistically significant effect of remission status for all SIBDQ, SF-12v2, and WPAI:UC domains. As shown in Table 4 , patients who achieved complete or partial remission following induction treatment scored significantly better on all SIBDQ, SF-12v2, and WPAI:UC domains than patients who were not in remission. Scores were comparable for patients in complete remission and in partial remission: mean differences were not statistically significant for any WPAI:UC domains, nor for 3 of 4 SIBDQ domains (all except Social Function) and for 7 of the 8 SF-12v2 domains (all except Bodily Pain).
The percentages of induction sample patients in each remission status group who achieved clinically meaningful improvement (ie, change > MCID threshold) on SIBDQ total, SF-12v2 PCS and MCS, and WPAI:UC Overall Work Impairment scores following induction treatment are reported in Table 5 . The proportion of patients showing meaningful improvements in each of these outcomes differed significantly as a function of remission status. Pairwise differences between each group found that patients who achieved either complete remission or partial remission were significantly more likely to show clinically meaningful improvement on each of these outcomes than patients who did not achieve remission. The proportion of patients in complete or partial remission showing meaningful change were comparable for these outcomes, with the exception of SF-12v2 PCS scores, for which patients in complete remission were more likely to demonstrate meaningful improvement.
At the final maintenance period visit, statistically significant effects of remission status were observed for all SIBDQ, SF-12v2, and WPAI:UC domains. As shown in Table 6 , patients in either complete remission or partial remission scored significantly better on all domains than patients not in remission. No differences in scores were observed between patients in complete or partial remission. SF-12v2 scores for patients in partial remission were at or above 50 on all domains, indicating that maintaining partial remission was sufficient for reaching normalized levels of functioning and well-being.
Least-squares mean SIBDQ total, SF-12v2 PCS and MCS, and WPAI:UC Overall Work Impairment scores at baseline, week 8/month 0, and final maintenance period visits by remission status for patients in the maintenance subset are presented in Figure 2 . Although all patient subgroups showed similar improvements during the induction phase, different patterns of change as a function of remission status were observed in the maintenance phase. For all 4 scores ( Fig. 2A-D) , patients not in remission at the final maintenance period visit showed a statistically significant decrease from month 0 to the final visit (all Bonferroni-adjusted Ps < 0.001), while patients in partial remission and in complete remission showed either no change or continued improvement. The magnitude of deterioration in SF-12v2 PCS and WPAI:UC Overall Work Impairment scores for those not in remission in the maintenance phase indicated a complete reversion: their scores at the end of the maintenance period did not statistically differ from their scores at study baseline.
Results from models of changes in SIBDQ, SF-12v2, and WPAI:UC domain scores from month 0 to the final maintenance period visit as a function of remission status trajectory are presented in Table 7 . For all domains, no statistically significant interaction effects nor main effects due to patients' remission status at either visit were observed, indicating no differences in the magnitude of change in scores regardless of patients' remission status at either visit.
Statistically significant predictors of change in SIBDQ, SF-12v2, and WPAI:UC domain scores during the induction and maintenance periods from multivariable regression models are presented in Table 8 . When accounting for the impact of patients' age, gender, disease duration, and disease extent at study baseline, remission status at period endpoint and score at period baseline were statistically significant predictors of changes in all domains. Disease duration was a statistically significant predictor of 3 of 4 SF-12v2 mental-based domains (Vitality, Role Emotional, and Mental Health) during the induction period.
DISCUSSION
The primary objective of the current analyses was to examine whether HRQL and WRO of adult patients with mild-to-moderate UC who achieved or maintained partial remission following treatment with multimatrix mesalamine would more closely match those of patients who achieved or maintained complete remission or those of patients who were not in remission following treatment. The findings observed from this study support the former. Remission status based on classification at the final maintenance period visit. Within each sample, one-way analysis of variance tests found no statistically significant effects of remission status for any models (all Hommel-adjusted P > 0.30).
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Patients with active UC who achieved partial remission after completing 8 weeks of induction treatment scored significantly better on all measured aspects of HRQL and WRO than did patients who did not complete treatment or did not achieve remission during this period. Further, patients in partial remission after 12 months of maintenance treatment scored significantly better on all HRQL and WRO domains than patients who did not complete treatment or did not achieve remission during this period. At the same time, patients in partial remission following induction treatment were not statistically distinguishable from those who achieved complete remission on any domains of the WPAI:UC, nor on any SIBDQ domains with the exception of Social Function and any SF-12v2 domains with the exception of Bodily Pain, whereas partial and complete remission subgroups did not statistically differ on any of these domains after 12 months of maintenance treatment.
Additionally, when examining changes in outcomes during the maintenance treatment, patients who maintained complete or partial remission at the end of the maintenance phase showed stable or even continued improvement in HRQL and WRO, whereas patients who did not maintain remission showed significant deterioration in all outcomes. Further, fluctuations between complete and partial remission during the maintenance period had no impact on any HRQL or WRO domains. Finally, changes in all domains during each treatment period were significantly predicted by remission status when controlling for patients' age, gender, disease duration, and disease extent.
These results provide evidence that, for the humanistic outcomes evaluated here, the benefits of achieving partial remission were not different from those associated with complete remission. Certainly, the primary goal of UC treatment should be producing full and complete remission. However, HRQL, health-related quality of life; LS, least-squares; ns, not statistically significant (Bonferroni-adjusted P > 0.05); SE, standard error of the mean; SF-12v2, SF-12v2 Health Survey; SIBDQ, Short Inflammatory Bowel Disease Questionnaire; WPAI:UC, Work Productivity and Activity Impairment-Ulcerative Colitis. Omnibus tests for a main effect of remission status were statistically significant for all models (all Hommel-adjusted P < 0.02).
a Derived from univariate one-way analysis of covariance models with remission status at the final induction period visit as a between-subjects factor, and with age, gender, disease duration, disease extent, and baseline value as covariates. Responders for each outcome were defined as showing improvement from baseline to the final induction period visit that exceeded the MCID threshold. Omnibus chi-square tests were statistically significant for all models (all Hommel-adjusted P < 0.001). HRQL, health-related quality of life; LS, least-squares; ns, not statistically significant (Bonferroni-adjusted P > 0.05); SE, standard error of the mean; SF-12v2, SF-12v2 Health Survey; SIBDQ, Short Inflammatory Bowel Disease Questionnaire; WPAI:UC, Work Productivity and Activity Impairment-Ulcerative Colitis; WRO, work-related outcomes. Omnibus tests for a main effect of remission status were statistically significant for all models (all Hommel-adjusted P < 0.001). a Derived from univariate one-way analysis of covariance models with remission status at the final maintenance period visit as a between-subjects factor, and with age, gender, disease duration, disease extent, and month 0 value as covariates. 
restoring patients' functional health and well-being, and removing impairments to their ability to work productively and engage in other activities, are achievable goals even if complete remission of the disease has not been reached.
Although patients in the current study were treated with multimatrix mesalamine, we do not make the assumption that our findings regarding the impact of remission status on HRQL and WRO are specific to this particular drug, nor to any particular regimen; that is, we believe that these effects are treatmentagnostic. We would thus speculate that these findings would be replicated in a UC sample receiving any effective UC treatment that induced partial or complete remission. Our analyses found that patients in complete or partial remission who relapsed at the end of the maintenance phase despite continued treatment not only showed significant declines in their HRQL and WRO, but for many outcomes there was a complete regression to their pretreatment levels. We would expect to observe the same patterns for patients in complete or partial remission who discontinued treatment. These speculations derive from our general assumption that treatment itself is not the direct or proximal agent of improvements in HRQL and WRO, but rather its effect is indirect, mediated through remission status. Future UC treatment studies using randomized controlled designs would be able to test these hypotheses.
Another important consideration of these results is that even substantial improvements in patients' HRQL and WRO (including normalized levels of functioning and well-being) do not necessarily signify that complete clinical remission has been achieved. Practicing clinicians often rely upon patient's reports about perceived improvements in daily functioning and well-being as an indicator of treatment success, 1 and so could erroneously assume that full remission has been achieved in cases for which these improvements are in fact a product of only partial remission. Patients themselves are likely to make similar assumptions based on improvements in these secondary indicators, underestimating their disease activity, which could lead to a purposeful reduction in treatment adherence and result in disease relapse. 36, 37 Thus, both clinicians and patients alike should interpret HRQL and WRO benefits with some caution, since important clinical gains should still be pursued for optimal management of the disease. Relatedly, while achievement of complete remission in this trial required the absence or reduction in both clinical and endoscopic signs, achievement of partial remission required improvements only in clinical signs.
The current findings thus indicate that mucosal healing might not be a necessary condition for significant improvements in HRQL and WRO, and consequently that observed improvements in HRQL and WRO should not be inferred as evidence of mucosal healing. Historically, most clinical trials have defined remission only with respect to clinical symptoms, particularly evidence for rectal bleeding and increased stool frequency. Although some researchers have found data indicating that evaluating endoscopic signs does not add significant diagnostic information to noninvasive measures of clinical activity alone, 26, [38] [39] [40] other evidence suggests that measures of clinical disease activity are in fact poor predicators of underlying mucosal health, with an estimated one-third to one-half of patients with UC in clinical remission who suffer from mucosal inflammation. [41] [42] [43] [44] The numerous benefits of mucosal healing, such as predicting reduced risks of clinical relapse, 45, 46 need for future colectomy, [47] [48] [49] and development of colorectal cancer 50, 51 support the inclusion of endoscopic disease activity as an endpoint in clinical trials of UC, regardless of whether this activity shows immediate impact on patient-reported HRQL and WRO. Several limitations of this study and analysis constrain the interpretation of our findings. One key limitation is that, although this open-label, nonblinded trial may closely match the manner in which UC treatment is used in real-world settings, the lack of a randomized controlled design limits the ability to determine the causal relations between treatment, remission status, and HRQL and WRO. Whereas remission status was strongly predictive of these outcomes, these data cannot definitively answer if remission status was a direct or even indirect cause of patients' HRQL or WRO. Further, we also are hindered from making causal inferences regarding the role of multimatrix mesalamine treatment in directly (or indirectly) producing disease remission or improvements in HRQL and WRO.
Another issue for consideration is whether SF-12v2 norm-based scores, which are calculated using algorithms derived from a US general population sample, can be appropriately interpreted when the instrument is used in non-US samples. Results from the International Quality of Life Assessment (IQOLA) project, 52 which had the objective of validating and norming the SF-36 (from which the SF-12 is directly derived) in a large international study, found equivalence in scores calculated using the US-based algorithm with those calculated from country-based algorithms across 9 non-US countries. 53 However, some researchers have found differences in SF-36 or SF-12 scores when applying US-based and country-specific algorithms and advocate for the use of country-specific normbased scoring. [54] [55] [56] Further, because only Western European countries were included in the IQOLA comparison, it is thus possible that the generalizability of the US-based algorithms extended only to countries that share similar cultural and economic structures with the US. Given that citizens' actual and perceived health status are strongly associated with their country's cultural and socioeconomic status, 57 it may be the case that the US-based algorithms are inappropriate when used with patients in several of the countries included in the current study, such as Eastern Europe nations (eg, Poland, Romania, and Czech Republic) and those in Africa (South Africa), Asia (India), and South America (Colombia). To examine the influence of country on our results, we conducted an exploratory post hoc sensitivity analysis for which we respecified all ANCOVA models to include patients' country as a categorical factor. Findings from this analysis indicated that, although country had a small but significant association with several HRQL and WRO domains, there was virtually no impact in the effects of remission status on these outcomes from the original models [results not shown]. Still, future clinical studies administering the SF-12 or SF-36 at international sites should consider the implications for using standard or country-specific scoring in order to maximize interpretation of their results.
Another limitation is that due to both administrative causes as well as the lack of validated linguistic translations of the SIBDQ and WPAI:UC for some of the countries included in this trial, PRO surveys were not made available to all trial patients at all visits. Administration rates for surveys at baseline were 77% for the SIBDQ, 87% for the SF-12v2, and 45% for the WPAI:UC. Examination of investigator reports and patterns of missing data identified 10 sites in 2 countries-Colombia (all 4 sites) and India (6 of 14 sites)-where PRO instruments were not administered in a manner consistent with the protocol. Because these data were not missing at random, but rather were linked to countries and sites, the possibility that associations of country-or site-related variables with treatment effectiveness, remission status, HRQL, and WRO may have produced systematic bias in our results. To examine the degree to which this was the case, we conducted an exploratory post hoc sensitivity analysis to test all inferential models for all outcomes when excluding patients from these 10 sites from the analysis sample. Findings from the sensitivity analysis [results not shown] were essentially equivalent with findings from original models, indicating that the inclusion of patients from these sites did not meaningfully impact our interpretations of and overall conclusions from these data. Still, the impact of these protocol violations cannot be completely accounted for, and the existence of resulting bias cannot be definitively ruled out. It also should be noted that because of these administrative issues, the size of the analysis sample was smaller than anticipated, which could have resulted in inflated type II error due to insufficient statistical power.
In conclusion, adults with moderate-to-severe UC who achieved partial remission following short-term induction treatment with 4.8 g/day multimatrix mesalamine showed improvements in HRQL and WRO that were of equivalent magnitude to those of patients who achieved complete remission. Further, patients in partial and complete remission groups also had equivalent HRQL and WRO following 12 months of maintenance treatment with 2.4 g/day multimatrix mesalamine. These findings suggest that even partial clinical remission leads to meaningful improvements in patients' self-rated functioning, well-being, and work performance.
